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ORIGINAL ARTICLES. 


THE STATE WEATHER SERVICE* 
By FRANcis E, NIPHER. 

The first proposition to distribute weather warnings by tele- 
graph for the benetit of commerce and agriculture, was made by 
Lientenant Maury, a man whose name was a household word 
before the war, and whose scientific services to the country 
have never been excelled. 

The plan was carried out on a large scale soon after the war 
by the signal corps of the army, which was reorganized by 
General Meyer for that service. 

In comparing our weather service with those of countries like 
England, Germany, Norway, Sweden, it should be remembered 
that they have areas comparable with those of states like 
Missouri. 

For the prediction of large storms, like those which charac- 
terize our winter months, the Vast extent of our national area 
is of great advantage. But many storms are local in their 
character, and to study and predict such storms, over so vast an 
‘area, from a single office, is a very difficult task indeed. It has 
never been satisfactorily done. 

Moreover, the stuly of the climate of states can be best done 
by the states themselves. Recognizing these difficulties of the 
national service, Dr. Hinrichs, then a citizen of Lowa, organized 





* Delivered by request of the State Board of Agriculture in Representative 


Hall, Jefferson City, Mo., January 15, 1891. 















482 American Meteorological Journal. 





the Iowa Weather Service about fifteen years ago, and shortly 
afterward the Missouri Weather Service was organized by 
myself. For a number of years these two state services were 
the only ones in existence in the country. 

The Missouri Weather Service I have continued up to the 
present time, and it is now being conducted wholly on private 
means. In the meartime, such services have been started in 
many other states, and their number is increasing in a very 
gratifying way. Many of the states have made liberal appro- 
priations for them, and there is little doubt that finally each 
state will be furnished with a well-supported weather service. 

There are always many intelligent persons in each state who 
take an interest in weather observations, and who take an 
honest pride in codperating with a public service. The people 
of the country are not yet all wholly given to money-getting. I 
have found them in many cases willing to expend considerable 
amounts for instruments. The daily work of the observer 
requires only a few minutes, but it is a constant care. If he 
is absent for a day it is necessary for him to provide for 
the making of the observations in his absence. When men 
of this kind can be found who are willing to render a valu- 
able service to the state free of charge, they ought to be en- 
couraged. That kind of statesmen are not by any means too 
numerous. 

The state weather service should aim to study the climate of 
the state, with particular reference to the crops that are grown. 
What are the conditions of weather which cause insect pests to 
thrive? How frequently do the weather conditions cause ruin- 
ous damage? Does it therefore pay to raise certain crops, and 
may we more profitably give our attention to other crops more 
suited to our conditions? These are questions which should be 
examined by an appeal to weather records and market and crop 
reports. 

Bridge and railway engineers are interested in knowing how 
frequently rains of three, four, five, or six inches may fall in a 
single hour. How frequently does it rain for three hours at the 
rate of two inches an hour? Until such questions can be 
answered with reasonable precision, the dimensions most suit- 
able for culverts and waterways, for railroad and highway 
bridges, can only be rudely estimated. 

If the water supply of a city is partly or wholly derived from 
rainfall, it is most important to have authoritative-records of 














The State Weather Service. 483 


severe drouths. In no other way can the proper storage capac- 
ity of the reservoir be determined. 

Such records of the climate of different states should be 
furnished to the national service, which should combine the 
work of all the states and make up the rain and temperature 
charts for the entire country. 

The work of weather prediction has thus far been carried on 
only by the national service. At first the country was divided 
into divisions comprising several states, as the Upper Missis- 
sippi valley, the Lower Ohio valley, ete. There has, however, 
been a demand for predictions of a more local character, and 
the national service has attempted to meet this demand. The 
predictions are now made for each state. Evidently, however, 
the difficulty of making weather predictions from a single 
office increases very rapidly as the predictions become more 
local in their character, and for two reasons. In the first place, 
the time that can be given to the predictions by a single officer 
is only about one minute for each state. He glances over the 
network of pressure and temperature lines, he notes the regions 
where rain may have fallen, he sees how the conditions have 
been changing since the last map was made, and by a sort of 
intuition, and perhaps without being always able to give definite 
reasons for his conclusions, he makes up our weather to the best 
of his knowledge and belief. Tue more local his predictions 
are, the less will be his time for considering the conditions in 
any one locality. 

Further, the phenomena increase amazingly in complexity as 
we come to consider minute details. We all have a fair idea of 
the general topography of our country, so long as we confine our 
attention to its grand outlines. Rising from the eastern ocean, 
the surface culminates in a mountain range stretching from 
near the Gulf of Mexico to New England. To the west we 
have a descending slope to the Mississippi river; then comes 
another rising slope, the great plains, the western mountain 
ranges, and a descent to the sea. Suppose, now, we come to 
consider the matter more minutely. We shall soon be lost in a 
mass of details which it is absolutely impossible for any one 
man to picture in his miud, as we can all picture the grand 
features of topography. Nevertheless, the hills on our farms are 
important matters to us, and they concern us more directly and 
constantly than does the Mississippi valley or the Allegheny 
mountains. 
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In a similar way must it remain forever impossible for any 
one man to give us the information we should have in regard to 
the weather. He can form a general idea of the movement of 
the larger storms and cold waves which are common in winter, 
and such information is of vast importance to many people. 
The movement of thousands of tons of meats, fruits and veg- 
etables is controlled wholly by the weather reports. On the 
approach of warmer weather meats are hurried into cold- 
storage warehouses, and the opportunity to ship other provis- 
ions which must be kept from freezing is anticipated and ma le 
available. 

But the storms which are of the greatest interest to the 
farmer are the local rains of summer. ‘They surprise him with 
his hay down, and they destroy or damage his crop. They are 
very local in their character, often expending themselves over a 
few counties. Sometimes these rain-storms travel over a belt 
of country twenty-five to fifty miles in breadth, and extend 
across a state. You see a heavy bank of cloud edging up 
against a brisk wind. As it approaches you see that its front is 
margined below with long streamers, and above is tumbled into 
rounded heaps by the winds. The deep rumble of thunder 
increases to a roar. Suddenly the wind, which has been blow- 
ing toward the storm, ceases, as you pass through a belt of 
upward currents which margin the cloud-front, and then, with a 
mighty rush of roaring wind and beating rain, the storm is 
upon us. The wind gradually lessens, the clouds show a smooth 
leaden hue, the rain sets in steadily for an hour or more, daring 
which the wind backs around into its original direction. The 
cloud finally begins to disperse and the storm is over. 

Not a season passes that single storms of this kind do not 
inflict enough of preventable damage to pay the annual expense 
of a state weather service. But it is impossible for the Wash- 
ington office to predict storms of this kind for the whole eoun- 
try. It is absolutely out of the question. No one man can 
mentally picture the meteorology of the country down to such 
minute details. Such work must be done by a local weather 
service, and it can be so done. 

The national weather service now issues predictions which 
often read—“Local rains in Missouri.” Now it is not of great 
importance to a farmer in Saline county who has cured hay 
spread over his field as the mower left it, that merchants and 
other good people in Sedalia, Hannibal or St. Louis should read 
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in their morning papers, that there will be local rains in 
Missouri. 

The farmer is not in communication with these people, or 
with the Washington office, and hence cannot share the joy of 
this discovery. 

And furthermore, such predictions would be of very little 
value to any farmer, even if they could be laid upon his table 
each morning. Such rains may occur here and there ina few 
counties, but there is little gain in setting all the people of the 
state into motion in preparing for a rain, which will affect per- 
haps only a small portion of them. The result is that people 
who can get such weather predictions, pay little attention to 
them, because they have learned by experience that this simply 
means, it may rain in our particular locality, and it may not, a 
thing which they know fairly well without the aid of any 
. weather predictions. 

But such predictions from the national weather service with 
data giving the general conditions of the weather, would be of 
great value to a local weather service, and [ wish to give a brief 
sketch of how they may and will be utilized in the near future. 

It will be but a short time when the broad patents on the 
telephone will expire. This will have little effect on the large 
telephone systems of great cities, but it will undoubtedly com- 
pel a decrease in telephone rates in smaller cities, so that farm- 
ers can afford to use them. In such places it will be possible 
for competing systems to start, for the use of farmers, and the 
tradesmen will go with the farmers. I do not anticipate such 
competition, as telephone people are good business men, and 
they will hold their ground by reducing their rates to fifteen or 
twenty dollars a year for farmers. Under such conditions any 
farmer could afford to place a telephone in his house. The 
value to him is evident enough. He can keep continually in- 
formed of the markets. He will never stand on the streets with 
a load of hay waiting for a customer, and wishing that his hay 
were home again. He will know before he starts from home, 
who will bay his produce, and what he will get for it, and he 
will keep it in his barn untii he gets his price. During the 
busy time of harvest if his reaper breaks down, he can learn 
whether the new casting which he needs can be secured in town, 
and if not, he can order it. The grocer and butcher will fill his 
orders, and delivery men who make this their business will each 
morning make up a route to deliver his goods, bring his mail, 
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and perform any other service which he may desire. In addi- 
tion to this he may at any time get the weather reports. The 
local weather service can, during the harvest season, receive 
information of the appearance of any storm, and can telephone 
the proper warning to the county seats, where such information 
should be sent. The telephone companies will receive and 
transmit such warnings to their subscribers, in order to increase 
the value of their service, and induce people to use their tele- 
phones. A warning of rain can be rung on all the call bells by 
a code of signals. Many of the subscribers will be prepared for 
a rain, and to them this warning will be sufficient. If a farmer 
wishes to know more about the situation, in order to be better 
able to decide his plans, he may call up the central office at the 
county seat, and learn that it is now raining in all the counties 
to the west, and apparently a general rain is coming in about 
two hours. No thoughtful man can fail to be impressed with 
the profound influence which the telephone is destined to exert 
upon the condition of the farmer. It is perfectly apparent that 
all of these advantages, with many others, are entirely within 
his reach as soon as the telephone ceases to be a monopoly. 
That the service can then be rendered at a price such that no 
enterprising farmer can afford to be without his telephone is 
equally certain. 

The inauguration of such a system of harvest storm warnings 
will necessarily be done gradually. It can be best done by a 
weather service supported by the state. Some one must take 
hold of the matter and show that it can be done. At present 
such a weather service should have the necessary means to 
make a study of local summer rains. They have as yet received 
little study. The state weather service should secure corre- 
spondents in each county, who should be provided with blanks 
for recording the time of beginning and ending of each storm, 
the direction of motion of the cloud, the amount of rain, and 
such other features as may be observed. Such reports would, 
in a few years, give a good kuowledge of the behavior of summer 
storms. By that time it will be feasible to inaugurate the plan 
which I have roughly outlined. 

This is not the first time I have been here to advocate this 
cause. In 1883, and again during the last legislative session, I 
made a similar presentation of this plan. It has been my dream 
for thirteen years, and I have expended many hard-earned 
dollars in trying to bring the plan tu completion. It may be 
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that the State Board of Agriculture can succeed in securing the 
inauguration of a measure, which I as a humble citizen have 
thus far failed to bring about as I had wished. I am here, 
gentlemen of the legislature, to urge upon you to entrust this 
work to their hands. I gladly step aside, and transfer to them 
the interest which has been mine, and trust that they will 
secure the codperation of the public and the support of the 
state. It is not a small or an unimportant matter which we are 
considering, and it is not an untried scheme. It is simply sup- 
plemental to what is now being done by the national service. 
The work laid out for the state service is work which the 
national service is not doing, and cannot do, but it is a work in 
which the national service can greatly aid by codperation with 
states which show a disposition to help themselves. 


WIND PRESSURES AND THE MEASUREMENT OF WIND 
VELOCITIES. 


3Y PrROFEssoR C. F. MARVIN. 


I.—MEASUREMENT OF WIND VELOCITIES. 

Within recent years several different experimenters have 
independently worked upon the problem of determining the rela- 
tions between the rate of rotation of the cups of the Robinson 
anemometer and the velocity of the wind. 

The most noteworthy experiments* have, without exception, 
been made upon whirling machines. In earlier experiments so 
many errors have arisen, due to the influence exercised by the 
whirling machine in stirring up and setting the air itself in 
motion, that considerable uncertainty exists in respect to results 
thus obtained. To avoid or, at least, lessen these errors, it is 
necessary to use whirling machines of very large dimensions. 
In 1888 experiments with such apparatus were begun at about the 
same time in both England and the United States. The machine 
used by Messrs. Whipple and Dines in England was set up in 
the open air and is still in use in carrying on in a very ingen- 
ious manner experiments upon wind pressures. The length of 
the whirling arm in this case was about 29 feet. 

In the experiments made in this country under the direction 


* Robinson, Phil. Trans. CLXIX, 1878. pp 777-822 
Stokes, Proc. Roy. Soc. XX XLX. 1881, pp 170-188. 
Dohrandt, Rep. fiir Met., Band VI, No. 5. 
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of the Chief Signal Officer, and which were carried out under 
circumstances more favorable than any yet obtained, the arm of 
the whirling machine was 35 feet long for many of the experi- 
ments, and for others was shortened to 28 feet. This very large 
apparatus was placed in a completely closed court of large 
dimensions, and at the time of experimentation no air currents 
except those produced by the machine itself could be detected 
by the most delicate indicators. In these experiments the 
effects of currents set up by the motion of the whirling machine 
itself were very small, but were accurately determined by a new 
method which it is believed gives the best’ results thus far 
obtained. A brief explanation may make the circumstances 
more clear. As the large whirler with the anemometer is made 
to revolve, the air immediately surrounding it is pushed or 
dragged along with the arm to a certain extent, so that the act- 
ual movement of the anemometer through the air is somewhat 
less than the apparent movement. This actual movement was 
measured by placing a special very small and delicate anemom- 
eter in front of the anemometer being tested, and observing 
on the former the actual velocity of rotation of the arm. The 
constants of the delicate anemometer are, for this purpose, pre- 
viously determined with great accuracy, a result easily obtained, 
as the small size of the anemometer not only admits of its being 
carried by a slender support at a distance of several feet from 
the whirling arm and entirely beyond the influence of disturb- 
ances produced by the arm, but the very rapid rate of revolution 
of the cups enables accurate measurements to be male in a very 
short time, and with only one or two revolations of the large 
whirler. A more complete discussion of the methods used and 
the results obtained has been given in the Signal Service 
Monthly Weather Review for February, 1889. 

Subsequent to the experiments upon the whirling machine an 
extended study has been made of the comparison of different 
anemometers when similarly exposed in the open air. Very 
early in this study I was led to the belief that the very sudden 
and continuous changes of considerable magnitude in the veloc- 
ity of ordinary winds led to a noticeably different action of the 
anomometer than would result from the influence of steady ecur- 
rents. So far as I am aware, this important element has not 
thus far been considered, either in the development of a mathe- 
matical theory for the anemometer or in the final reduction of 
experimental regults. Some mention and discussion of the sub- 
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ject first appeared in the AMERICAN METEOROLOGICAL JOURNAL 
of April, 1889. 

As the matter only came to my attention after the experi- 
ments with the whirling apparatus were completed, it was 
impossible to make it asubject of direct experiment, but it is 
hoped to be able shortly to again take up the whirling machine 
work, in anticipation of which a new line of experiment bearing 
directly upon this subjeet has been devised. The condition 
which it is necessary to secure is, to propel the anemometer 
through still air with a highly and constantly varying velocity, 
for which purpose the whirling arm will be arranged with an 
independently revolving plate, or reciprocating lever, at the 
outer end, the resultant motion of which combination will have 
the desired irregular character. 

In the absence of whirling machine experiments of this kind, 


the open air comparisons were reduced upon the basis that the 


sudden variations in wind velocities produce a less influence 
upon anemometers of compact proportion than upon those of 
slender proportions. The terms compact and slender, in this 
connection, have reference to the relations existing between the 
diameters of the cups and the lengths of the arms. Anemom- 
eters whose arms measured from the cup centers to the axis 
are about two, or even more times, the diameter of the cups, are 
considered as of slender proportions, while those whose arms 
similarly measured are of a length only a little greater, or even 
less than the diameter of the cups, are said to be of compact 
proportions. 

A discussion of the numerical results and equations derived 
from the open air comparisons may be found in the Signal 
Service Monthly Weather Review for January, 1890. 

The equations below are there given for the regular Signal 
Service anemometer, having cups 4 inches in diameter on arms 
6.72 inches long: 

(1) V = .225 + 3.1430 — .0362v’ (whirling machine); 
(2) V = .263 + 2.9538v — .0407v" (open air). 

The velocities are in miles per hour, v being the linear veloc- 
ities of the cup-centers. 

Equation (2) may be considered as the equation of the Sig- 
nal Service anemometer when exposed to the variable winds of 
the open air, while equation (1) is for the same anemometer 
exposed to perfectly steady winds. Quadratic equations of this 
form have been used by several investigators for expressing 
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the anemometer law. They are quite irrational, however, and 
wholly inadequate. 

2.953 

.0814 
interpretation of which leads to the irrational conclusion that 
after a certain high velocity the cups run less and less rapidly 
as the wind increases. 

It should be noted, of course, that the constants in these 
equations have been computed from results at low velocities; 
that is, under 35 miles per hour. 

Recognizing this defect of the quadratic equation, it was de- 
sired to secure a formula giving a more satisfactory extension 
beyond the limits of the experiments, and an equation of the 
following form was computed: 

(3) log. V = .509 + .9012v log. v. 

This equation is recommended for use in reducing all wind 
velocities observed by the Signal Service anemometer, and cer- 
tain checks that have been recently obtained from wind pressure 
experiments, as given below, have shown the equation to be 
highly satisfactory. 

Inasmuch as the Robinson anemometer is always constructed 
so that the graduations of the dials are in miles and fractions 
of miles, computed on the basis that the cup-centers move with 
a velocity } that of the wind, the most convenient method of 
applying the above formula is by use of a table containing the 
observed velocity by the Robinson formula and the more accu- 
rate velocity from the formula. 

The following is such a table: 

CorRECTED WIND VELOCITIES, AS INDICATED BY ROBINSON ANE- 
MOMETER. 


In equation (2), v becomes a maximum, for v = , the 


(Miles per hour.) 


Indicated 
velocity. 


NT yL 
InQgQonacos! ! 


ogo 
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All observers in the United States using anemometers similar 
in construction to those of the Signal Service will find the values 
in the above table much more accurate than those commonly used. 

In addition to the wind pressure experiments, several days’ 
continuous comparisons of anemometers of different sizes were 
also obtained at the summit of Mount Washington, under 
reduced atmospheric pressure and at unusual velocities; the 
exposure being upon the top of the wind-pressure apparatus, to 
be described below. 

Three anemometers, each having 4-inch cups, but with arms 
4,6.7, and 7 inches long, respectively, were compared; very high 
velocities being obtained on one occasion, so much so, in fact, 
as to carry away the anemometers, all three being torn from the 
support at apparently the same instant, the mean velocity just 
previous being about 80 miles per hour. 

The results of these comparisons have agreed almost perfectly 
with more extended and complete comparisons referred to above, 
though the former were over a much less range of velocity. So 
far as these comparisons go, I find no evidence that the Robin- 
son anemometer is noticeably influenced by considerable changes 
in the atmospheric pressure. There is little reason, however, 
to expect that such effects, did any exist, would be apparent in 
comparisons of this kind. 


II].— Wunp Pressures. 


Even at the present time of advanced experimental study of 
natural phenomena, our knowledge of the relations of wind 
pressure and velocities is very limited and incomplete. The 
most serious and perplexing disturbances appear to accompany 
investigations in this direction and accurate results have, per- 
haps, never been obtained. ‘The last accounts of the experi- 
ments of Messrs. Whipple and Dines have just appeared in the 
September number of the Proceedings of the Royal Society. 
Notwithstanding the care exercised in conducting the experi 
ments, the results, in some respects, are irregular and inexplic- 
able. The method used is only possible on the basis that the 
pressures vary as the square of the velocity, and the success of 
the experiments, so far as the method is concerned, leave no 
doubt upon this question. The experiments made by Mr. Cros- 
by, and given in the Engineering News for the latter part of 
June, indicated a linear law which must undoubtedly prove to 
be quite incorrect. 
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A few direct determinations of wind pressures upon large 
plates were made during August last at the summit of Mount 
Washington. The methods used, and the results obtained, are 
given as follows: 

The apparatus was exposed upon the top of a solidly built 
wooden tower about 40 feet high and some 15 feet square at the 
top. This occupied the highest point of the mountain and 
afforded an unobstructed exposure for all winds from westerly 
and northerly directions. Southerly winds were somewhat inter- 
fered with by the presence of a low building in that direction, 
aud the exposure for easterly winds was very bad owing to the 
proximity of the large hotel building. Only a very few experi- 
ments were made with southerly winds; the direction being west- 
erly for all other experiments. No defect attributable to imper- 
fect or unequal exposure has been discovered in the results. 
The diagonals of the tower were north and south and east and 
west, respectively. The apparatus occupied the westerly corner 
and was so constructe.l that the plate was held in front of the 
sides of the tower by a distance of nearly four feet. The center 
of the plate was, moreover, a distance of nearly six feet above the 
floor of tower. 

The apparatus itself may be briefly described as consisting of 
a rigil vertical support of wrought iron pipe secured to the floor 
and held firmly in the corner of the railing about the tower. 
The anemometer was attached to a horizontal arm extending 
from the top of the support. The arm was adjusted to the direc- 
tion of the wind and carried the anemometer in about the same 
vertical plane as the pressure plate, so that the wind arrived at 
the two at practically the same instant. The anemometer cups 
were about 4 feet higher than the center of the pressure plate. 

The horizontal arm carrying the pressure plate consisted of a 
wrought iron pipe secured to the main support in such a manner 
that it could be revolved on a vertical axis and brought into the 
direction of the wind. The pressure plate was not attached 
directly to this arm but to a larger tube of brass, which tele- 
scoped over the iron pipe. <A nicely arranged system of highly 
polished steel balls was provided that permitted the brass tube 
and pressure plate to move horizontally over the iron tube with 
the greatest freedom. Steel springs of varying strengths ar- 
ranged to be stretched by the wind pressure were used to oppose 
the motion of the plate. At the rear, some five feet behind the 
pressure plate and attached to the main support, were the record- 
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ing mechanisms arranged on the ordinary chronograph princi- 
ples. A sliding pencil was connected directly to an extension 
from the pressure plate tube and recorded the amount of disten- 
sion of the spring; the zero position being constantly indicated 
by a line traced by astationary pencil. A third pencil operated 
by an electro-magnet was in electrical connection with the 
anemometer, which, as before stated, was of the regular Signal 
Service pattern and one that had been carefully studied in con- 
nection with anemometer experiments. The electrical contacts 
of this anemometer were made for each 50 revolutions of the 
cups, a quantity that corresponds to 1-10th mile of wind move- 
ment, as computed by the Robinson formula. The chronograph 
cylinder revolved once in about a half hour, and was of such 
diameter as to give a movement of about 0.6 inch per minute. 

In arranging this apparatus it was found almost impossible to 
automatically keep the large pressure plate with its accessories 


directed to the wind, so that it was necessary to secure this con- 
dition by hand and eye observation; the direction being indi- 
cated by a light cotton thread exposed above the pressure plate. 
I am assured that no sensible error arises from this disposition 


of the apparatus, as the direction of the wind, broadly consid- 
ered, was very constant, being subject to only small and sudden 
fluctuations about a mean direction. 

The records of the pressure and velocity of the wind were, 
therefore, automatically and simultaneously recorded on the 
same sheet of paper. The curve of pressures, if it can be called 
a curve, presents, in spite of the comparatively rapid rate of 
rotation of the register, a very irregular appearance indeed. 
The oscillations do not, except for occasional instants, corre- 
spond to harmonic vibrations of the spring and pressure plate 
as a vibratory system, but are actual and real changes in wind 
pressure. The magnitude of these variations is, itself, very 
irregular, but it may be stated to be approximately as much as 
35 per cent. of the mean pressure. There is, in addition to these 
very rapid variations in the pressure which take place inside of 
a second or two of time, other variations which go through their 
irregular changes iu from a few to several minutes’ time. 

These circumstances led me to the following method of 
reducing the observations: The traces on the record sheets 
were divided into portions representing, generally, four or five 
minutes of time, and during which the conditions were, to some 
extent, constant. The traces of the pressure were all gone over 
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by hand and a red ink line drawn through the pencil mark in 
such a manner as to get a mean curve. In this, only those vari- 
ations which were of such short period that the pencil marks 
were too close together to distinguish were evened up. All 
changes of larger period were followed accurately. The next 
step consisted in carefully measuring the area of each sub- 
division, including, of course, everything between the red ink 
trace and the line of zero pressure. This measurement was very 
satisfactorily made by a small planimeter. The mean pressure 
is now quite accurately found by dividing the area by the length 
of the base of the diagram. ‘The mean wind velocity corre- 
sponding to the same portion of the sheet is determined from 
the simultaneous record of the anemometer. The large number 
of observations obtained in this way have been grouped in sets 
corresponding to the velocity, and a final mean determined. 

The following tables contain these results for all the experi- 
ments made: 

SumMARY OF WIND PREssuREs. 

Area of plate: 9 square feet. Mean barometer: 23.9. 


| > 


y cas P ° I 
Velocities, in miles, per hour.) Constants: jy, 
| 


Total 
a b c | Pressure. 
° > 9 
Robin- | Quad- | Loga- || Pounds. 
son. ratic. rithmic. | 
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Wind Pressures and Measurement of Wind Velocities. 


SUMMARY OF WIND PRESSURES. 

















Area of plate: 4 square feet. Mean barometer: 23.9. 
| | P 
Velocities, in miles, per hour.| | Constants : 2 
r Total | 

a | Pressure, | a b c 
Robin- Quad- ha Pounds. | 
son. ratic. | rithmic. 

| = | 

6.96 6.88 | 6.90 yp | .0150 .0156 .01538 
8.36 8.16 | 8.13 1.08 | .O155 0162 0164 
10.7 10.3 10.2 1.29 0113 .0123 0125 
13.8 13.1 12.8 2.00 0105 .O116 | .0122 
14.8 13.8 13.6 2.26 0103 | .O119 | 0122 
17.3 16.0 15.7 3.05 0102. | .O11I9) | 0124 
18.1 16.6 16.3 3.33 | .0102 | .0120 0125 
21.0 18.9 18.6 369 | 9084 | .0104 0107 
23.2 20.7 20.5 5.26 0098 | (0123 0125 
25.3 22.3 22.1 5.90 0092 .O119 0121 
26.7 23.3 73.3 6.71 0094 .0124 .0126 
29 .0 5.0 24.9 7.60 0090 | .Olz? .0123 
31.1 26.5 26.6 8.96 00938 | 0128 .0127 
$2.1 27.2 21.3 8.93 | 0086 | .O12I1 .0120 
34.4 28.9 29 2 9 26 0078 | .O111 .0109 
3.1 | 34.3 35.7 13.4 |, .0072 | .O114 0106 
44.5 |} 39.1 36.7 15.5 |} .0O78 | .0126 .0105 
46.1 36.0 | $7.9 15.6 0075 | .0120 0108 
48.5 | 37.4 39.7 20.3 || (0086 | (0150 0129 
51.2 39.8 41.6 19.8 0076 | (0125 0114 
52.5 40.5 42.6 22.0 i} .O0O8O | .0134 .0122 
54.5 41.0 44.0 22.5 | .0076 | 0134 0116 
56.3 41.3 45.4 23.3 | .0073 | .0136 0113 
_ 58.5 42.9 46.9 21.7 || .0064 | 0118 .0099 

PND cinrinesesninns: -eechipieiaisinaeem~EeS eswunesenieete | 01175 

Constant, per square > RSE RAEN ae | .00294 





The velocity of the wind has been computed by three differ- 
ent formule, namely, the well known Robinson formula: 
V = 3v 
which values appear in the first column. The second and third 
columns contain velocities computed respectively by the two 
following formule, already given, namely: 


V = .263 + 2.95v — .0407v" 





and 
log. V = .509 + .9012 log. v. 

The last three columns of constants are computed on the 
assumption that the pressure of the wind varies as the square 
of the velocity, and correspond, respectively, to the velocities in 
the first three columns. It is observed that this factor is not at 
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all constant if velocities are taken by the Robinson formula, but 
that, for the quadratic equation, except for irregular variations 
due, it is believed, to errors of observation, the value is practi- 
‘ally constant up to velocities between 25 and 30 miles, and that 
above this the values steadily increase. If the last column be 
considered, it appears that the values throughout are practically 
constaut and the same as those of the upper portion of the pre- 
ceeding column. In a previous report upon anemometer studies, 
I have already expressed my conviction that velocities cannot be 
accurately computed ‘by the quadratic equation for conditions 
higher than 30 miles per hour or thereabouts, and that the 
logarithmic formula was undoubtedly more accurate. These 
conclusions are strikingly confirmed in the wind pressure ex- 
periments here given, and 1 am, therefore, convinced, so far as 
can be determined from experiments of this kind, that the 
pressure of the wind varies as the square of the velocity. 

If we compare the corresponding results obtained with the 
9 square feet and the 4 square feet plates, we find further that 
the pressure varies strictly in proporticn to the area of the plate. 
A critical examination of the constants in the case of the 4 
square feet plate shows greater irregularity than that for the 9 


square feet plate. It should be noticed in this connection that 


a much greater number of observations were made with the 9 
square feet than the 4 square feet plate; moreover, the first two 
and the last observation with the 4 square feet plate have been 
queried as they do not agree well with the other results. Some 
explanation of this is found in the fact that they are results of 
single observations only, while nearly all the other values are 
the mean of several observations. 

It remains now to say that the mean barometric pressure 
during my experiments was 23.9, and that the final value of the 
constant, namely, .0029, needs to be slightly altered in order to 
reduce to the condition of normal action of the wind. The act- 
ual direction of the wind, as before mentioned, was inclined 
upwards, and this | found was also practically a constant quan- 
tity, particularly so as nearly all my experiments were made 
with the wind in one direction. The amount of this inclination, 
as nearly as it could be determined, may be taken at about 15°. 
We «lo not, perhaps, know very well the law of variation of 
pressure with angle of inclination, but 1 am disposed to increase 
the above factor in proportion to the cos’ of the angle of inclina- 
tion, whicn gives .0032. I will assume further that the wind 
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pressure is proportional to the density of the air; therefore, the 
factor reduced to 30 inches barometric pressure becomes .0040, 
and the formula for computing wind pressure under barometric 
pressures of 30 inches may be expressed as follows: 

P= .0040V?S 
where V is wind velocity in miles per hour, P is the pressure in 
pounds per square foot, and S is the area of the plate. 

This formula being determined by direct comparison of the 
anemometer and pressure plate, can always be used whenever 
the velocity is measured by the Robinson anemometer. The 
coefficient .0040 differs from a generally accepted value, namely: 
.005, and from the value .0029, found by Messrs. Whipple and 
Dines by about the same amount, being between the two. 

For engineering purposes this formula gives very closely, lL 
think, the actual pressures corresponding to velocities computed 
by the logarithmic formula, as applied to the Robinson ane- 
mometer, and this is the instrument almost universally used for 
measuring wind movements. Where the Robinson anemometer, 
having its dials graduated to read miles, is used, the observed 
velocity can easily be reduced to the true velocity by the use of 
the table already given. 

In estimating the strains to which engineering structures may 
be subjected by winds, the maximum pressures are, of course, 
the most important. The above formula gives a mean pressure 
corresponding to a mean wind velocity. It is important to note 
that momentary pressures as much as 35 per cent in excess of 
the above mean pressure may continually occur and recur. If 
their rate of occurrence be at all synchronous with a natural 
time of vibration of the structure or any part thereof, remark- 
able effects may follow. 


RECENT SAVING OF LIFE IN MICHIGAN, 


Dr. Baker gives official statistics and evidence which he sum- 
marized as follows: “It is a record of the saving of over one 
hurdred lives per year from small-pox, four hundred from 
searlet fever, and nearly six hundred from diphtheria—an 
aggregate of eleven hundred lives per year, or three lives per 
day saved from these three diseases! This is a record which we 
ask to have examined, and which we are willing to have com- 
pared with that of the man who ‘made two blades of grass grow 
where only one grew before.’ ” 

34 
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METEOROLOGICAL OBSERVATIONS TAKEN IN FOUR 
BALLOON VOYAGES. 


By W. H. Hammon, 
Sergeant in the Signal Corps, U.S. A. 
Read at the meeting of the Amer. Assoc. Adv. Sci. and now communicated by 
permission of the Chief Signal Officer. 
PREPARATIONS FOR OBSERVATIONS. 

(1) The instructions in regard to the kind of observations, 
and the manner of taking them, were given by Professor Cleve- 
land Abbe; the investigations of corrections to the aneroids and 
the thermometers were made under the instructions of Professor 
Thomas Russell, in charge of comparisons. The schedule of 
observation was the same for each ascension, and required, prin- 
cipally, readings of wet and dry bulb therm meters, and of the 
barometer. The observations were to be made as frequently as 
possible. 

The instruments furnished for the purpose of taking observa- 
tions were as follows: 

2 aneroid barometers, 

2 psychrometers (arranged for whirling), 

1 maximum thermometer, 

1 minimum thermometer, 

l watch, set to 75th meridian time. 

Besides these instruments, there were car:ied a compass, a 
Davy’s safety lamp, a prir of field glasses and minor articles. 
The maximum thermometer was carried only on the first ascen- 
sion. The minimum thermometer was broken on the second 
voyage and was not used on the succeeding ascensions. The 
safety lamp was not procured until after the first ascension. 


Nore By Proressor ApBe.—During the first fourteen years 
of its meteorological work, the Signal Office on several occasions, 
profited by several generous offers of the well-known seronaut, 
Professor S. A. King, of Philadelphia, and was thus able, at an 
insignificant expen:e, to send its observers, with proper instru- 
ments, into the upper regions of the atmosphere. It was, how- 
ever, evident that such ascensions, made at times to suit the 
convenience of others rather than meteorologists, needed to be 
supplemented by special ascents, wholly within the control of 
the Signal Office. In the autumn of 1884, an arrangement was 
made | by the late General Wm. B. Hazen | with Professor King, 
by which he contributed, gratuitously, his own services and the 
use of his balloon, while the Signal Office paid the necessary 
expenses incidental to each ascent; most important of all, Pro- 
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(2) The aneroid barometer used was from J. W. Queen & Co., 
of Philadelphia: Its dial is five inches in diameter and is gra- 
duated to .05 in. The graduation extends from 31 to 15 inches. 
It has been given the number “8S. S. 190.” The corrections for 
the aneroid were determined by Professor Thomas Russell on 
December 27 and 29, 1884. [t was placed in a large receiver to 
an air-pump with a mercurial barometer and the pressure 
reduced to 16 inches and readings taken as the pressure 
increased. ‘Table 1 gives the corrections obtained. 

TABLE L.-—-Aneroid, S. S. 190. 


December 27, 1S8S4. December 29, 1884. 


Seale reading. Temperature, 80 F. ‘Temperature, 60 F. 


inches, inches. inches. 
30.5 ) 25 0.23 
30.0 4).22 
28.0 +(0.21 
26.0 1() 24 
24.0 +-O.18 
22.0 0.07 
20.0 0.02 
18.0 | +O O4 
16.0 | 0.01 
» 
This operation was repeated after returning from the second, 
t > 
third au: fourth ascensions. The resulting corrections are given 
5D > 
in table IL. 
These corrections were all obtained with increasing pressures 
after the instrament had been subjected to a low pressure cor- 
responding to the lowest scale rea ling observed during the voy- 


fessor King agreed to start whenever ordered by telegraph, no 
matter what the state of the weather might be. 

Under this arrangement, four meteorological ascensions were 
made in January, March and April, 1885. In each case the 
same observer, Private W. H. Hammon, volunteered and to his 
enthusiasm, faithfulness and skill, we are indebted for observa- 
tions that, as shown by the accompanying report, are undoubt- 
edly entitled to be ranked among the best hitherto obtained. In 
each case, the observer was ordered to proceed directly from 
Washiugton to Philadelphia as soon as I reported that the pre- 
ceding weather map indicated meteorological conditions of suf- 
ficient interest to warrant the ascent: Professor King was at the 
same time ordered by telegraph, to prepare for an immediate 
ascent upon the arrival of the observer. As the observations 
made by Private Hammon were intended to elucidate points in 
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TABLE II.—Aneroid, S. 8S. 190. 


March 21, 1885 April 3, 1885 April 18. 1885. 


Scale reading. |. aa aE " oe an 
, 8 Temperature,75 F | femperature,70F.; Temp. 66 F. 


re inches. inches. inches. 
30.5 
30.0 +0.09 +0. +0.09 
29.0 +-O.11 ; +-0.05 
28.0 +0.08 +O. +0 .05 
27.0 | +0.07 +0. 1: L(). 07 
26.0 +0 .06 +0.06 
25.5 +0.01 +0.02 
25.0 | 

24.0 
23.0 





| 
| 


age. Owing to the sluggish action of the aneroid, the readings, 
while it is falling should have their corrections changed by a 
quantity, varying, with the change in pressure, from 0.0 to 0.1 of 
an inch. Since under similar conilitions, the corrections are 
very nearly constant for all pressures, a uniform correction of 
0.05 in. was applied by me to all readings taken during the pres- 
ent balloon voyages. 

(3) The psychrometer used during the first voyage was male 
of two signal service exposed thermometers with spherical bulbs 
and graduated on the glass stems. These thermometers were 
made by H. J. Green & Co., of New York. The bulbs were 


connection with the state of the atmosphere, on the respective 
days, they are to be considered as giving data, adilitional to the 
data given on the weather maps of the same dates. The pub- 
lished folio weather maps for 3 Pp. M. on each of the four dates, 
will show the meteorological conditions prevailing during the 
ascents. In each of these ascensions Professor King was 
ordered to make the voyage last as long as possible, the agree- 
ment being that if very high ascents were ordered, they could 
not possibly be of long duration, and it was considered impor- 
tant, in the present series, to gain experience by voyages at 
moderate elevations. On account of the nearness of the starting 
point to the ocean, it must frequently happen, as in the first of 
the present series of voyages, that a short voyage, from this 
point, with a west wind, will bring the wronaut to the shore of 
the ocean. It is therefore desirable that future voyayes be 
made from som? point in the interior, and instead of always 
starting from the same point, un ler appropriate meteorological 
conditions, it would be better to make successive ascents, as 
rapidly as possible, during a month or more. 


September, 1885. 
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eleven m. m. in diameter and the graduation of the stem to 
single degrees Fahrenheit. Both thermometers were attached 
firmly to a brass back; the bulb of the wet thermometer extend- 
ing about an inch below that of the dry. The wet bulb was 
covered with very thin muslin fitted very neatly to it. This was 
kept moistened by frequent immersions in a bottle of water. 
The bulb was usually moistened immediately after an observa- 
tion was taken, so that the thermometer would assume very 
nearly its proper temperature before the next observation was 
begun. A strong cord was attached to the psychrometer for 
whirling, according to De Saussure’s manner of using the sling 
thermometer. Below is given a table of corrections for scale 
error as determined at the signal office: 


TABLE III. 


Seale Reading 


ry Bulb No. 1084] Wet Bulb No, 1476 





| 
} 
| —06 0.0 
| 0.2 0.0 
} 


00 —0,1 
00 0.2 
+01 0.0 
0.0 00 
00 0.1 
0.0 0.2 





The psychrometer used on the succeeding voyages was made 
of two of Green’s delicate cylindrical-bulb, stem-graduated ther- 
mometers, with open scale and graduated to single degree. The 
bulbs were four and a half m. m. in diameter and fifteen m. m. 
inlength. They were attached toa small wooden back, and, 
provided with a strong cord, were arranged for whirling in the 
same manner as the other. The corrections for scale error of 
these thermometers, as determined at the signal office, are given 


below: 
TABLE IV. 





Seale Reading ry Bulb No. 6677) Wet Bulb No. 6673 


—0.9 
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The wooden or brass backing for each psychrometer was a 
narrow strip which ended fully an inch above the bulbs of the 
thermometers, so that it could in no manner be a cause of error 
in the thermometer readings. 

(4) The question of the sensitiveness of these thermometers 
has been studied according to the method given in Dr. M. Thie- 
sen’s article “ Vergleichungen von Quicksilberthermometern’ 
in Metronomische Beitrage No. 3, Berlin, 1881. 

By seusitiveness is meant the rapidity with which a thermom- 
eter will assume the temperature of any bath in which it is 
placed. The following is Thiesen’s description of the method 
used: 


> 


When a th: rmometer changes its temperature, by convection 
processes, it is assumed that the rate of change is approximately 
proportional to the difference between its temperature and that 
of the medium in which it is placed, whence there follows the 
equation. 

(1) = =A(u—v), 
in which, 
v, is the temperature of the thermometer; 
u, is the temperature of the medium; 
4, is a constant depending on the sensitiveness of the 
thermometer; 
t, is the time. 

This formula also holds good approximately for small differ- 
ences of w v, When the effect of radiation is considered, the 
thermometers being in a bath of gas instead of liquid. 

If 4 is considered known, and the temperature of the medium 
is varying (as was the case during the ascensions) then, if the 
rate of variation, v, is observed for any moment, the approxi- 
mate temperature of the medium, at any particular time, can be 
obtained from the thermometer reading, by the following 
equation: 

, — 1 dv 
(2) eee A dt 

To determine 4 for any special thermometer, let its initial 
temperature be V at the time / = 0, when it is put into a 
medium of constant temperature U. In this case the integral 
of (1) becomes 


(3) Mod. 2t = log 
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in which, Mod. is the modulus of the system of common 
logarithms and is equal to 0.4343. 

The observations consist in following the variation of the 
thermometer and noting the times (/) of successive readings 
(vw). After a considerable time has elapsed, the last reading of 
the thermometer will be very nearly, the temperature of the 
medium, or U. 

For the purpose of ascertaining how well this equation satis- 
fies the observations, the latter were graphically plotted, the 
times (¢) being the abscissas and log (v — U) the ordinates. As- 
suming the last term to be the variable, the equation is that of a 
straight line and, if it correctly represents the observations, they 
should plot into such a line, or at least should be convertible 
into such by improving the value of U within the limits of 
probable error in its determination. 

The tangent of the angle made by the line with the axis of X is 
equal mod. 4. In reality, the curves for different thermometers 
and the values V — U are merely approximations to straight 
lines, yet in spite of these deviations, tolerable good values of 
1 = 4 can be obtained, and the graphical solution converted into a 
numerical one. Let two points on the curve, wide apart, be 
selected, which may be regarded as especially characteristic of 
the curve; then, from the observations near these two points 
compute by equation (3) the value of 1+ 4 Two points should 


be chosen, so that when a straight line is drawn through them, 
there will be equal areas on both sides of th2 straight line 
between it and the curve. 


The following is am example of my application of Thiesen’s 
the process as just described. Thermometer No. 1084 was 
placed in a bath of mercury and raised to a temperature of 111° 
F’. and then’ placed in a glass tube, through which was blown 
a current of air, of constant temperature, and at a uniform 
velocity of about twelve feet per second.* The length of time 
that it took the column to fall past regular intervals,on the scale 
was registered on the chronograph, as given in the following 
table and was plotted as a diagram: 


*In all previous work on the sensitiveness of thermometers the convection current 
that was supposed to keep the surface of the bulb at a constant temperature bas 
been simply the natural current due to the difference of temperature of the bulb 
and air (Gylden & Abbe, 1886.) or the bulb and water or melting ice (Thiesen, 1883); but 
Thiesen’s method implies a thoroughly constant temperature of the surface of the 
bulb as really exists in the whirled psychrometer and this was attained by the con- 
vection tube of Hammon & Russell. C. A. 
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TABLE V. 
Thermometer No. 1084. 


(v — U). log. (v — U). 





9.3° F. 286 

oe . 15d 
968 
919 
.863 
799 
. 724 
.633 
bg 
362 


114 





U sz 69.7° ¥. 





Inspection shows that the observations at 42.7 see. and 152.3 
sec. are the best to be selected for computing 1+ 4 Applying 
equation (3) to these two observations, there results 1 + 4 = 55.7 
sec. 

Table VI gives two similar series of observations on ther- 
mometer No. 1476. 

TABLE VI. 
Thermometer No. 1476. 


First series. Second series. 





(t). (v). (t). 





0.0 See. 
9.2 


0 See. 
21. 


CO mm 1s Cl bo 


o— 
— 








U = 826 F. 


ee 
; = 50.7 seconds 
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In determining the sensitiveness of a thermometer with a 
cylindrical tube, a hole was blown through the side of a glass 
tube through which the bulb was insertod into the tube, and by 
this means it was arranged so that the current of air was blown 
past the sides of the bulb, producing asimilar ventilation to that 
when the thermometer is whirled. The cylindrical bulb ther- 
mometers, Nos, 6,673 and 6,677, used on the last three ascen- 
sions, were broken previous to these experiments, but the values 
of 1 + , were determined with considerable accuracy in the fol- 
lowing manner: A number of thermometers, among which were 
these two, had been experimented upon in order to ascertain 
their relative sensitiveness in water. They were taken in suc- 
cession from a bath of water of a temperature of 40° F., and 
immersed in one of about 97°, and the time it took the mercury 
in each thermometer to rise from 70° to 90° was noted by means 
of the chronograph. These observations are given in Table 
VII, together with those of hygrometer tubes Nos. 1,109 
and 734. 

TABLE VII. 
Time required by mercurial column to rise from 70° to 90° F. 





| 
No. 1,109 No. 744. | No. 6,673. | No. 6,677. 
1.31Sec. ‘ainda 1.8 See. 1.45 See. 
1.31 1.43 1.8 1.5 
1.18 1.49 | 1.5 1.65 
1.27 1.53 | 1.5 1.65 
1.27 1.53 | 1.55 1.6 
1.23 1.39 | 1.47 1.5 
1.21 1.43 | 1.5 1.6 
1.21 1.51 1.5 1.53 
1.21 1.51 | 1.5 
1.31 1.47 1.5 
1.27 1.55 1.5 
1.41 1.53 1.8 
1.31 ; 1.6 
1.47 1.5 
1.53 
1.53 
1.53 
1.28 1.49 | 1.57 1.56 








In Table VIII are given observations of 1,109 and 724 in air, 
made as above described. 
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TABLE VIII. 


Hygrometer Tube No. 1,109. | 


samen | Hygro. Tube 
| ‘ . : | : . - 
| Second Series. | No. 7384. 


First Series. 


| 


(Vv) (t) | (v) (t) | (v) (t) 
90° F. Osee} 0 0.0 sec]; 85 0 see 
8D D.6 8D 3.7 
80 2.8 SO 8.3 
7d 2.2 7d 15.3 
70 p 70 24.6 
68 I. 65 45.0 
67 $0.4 64 51.3 
| 63 60.6 
62 78. 
QV. 


65.0 F. U H1.3F, f 6L.8 F. 
25.4se¢ 1- 2é.1sec. } 30.6see, 


Mean valve of 1-7 for No, 1109 = 26.2 see 

From a comparison of the observations of 1109 and 734 in 
water and in air, it can be seen that the periods of time that it 
took the thermometers to pass from 70° to 90° F. in water are 
almost exactly proportional to the values of 1 + , found in air. 
This indicates that, for different thermometers, very nearly the 
same ratio exists between the values of 1 + , obtained from read- 
ings in water as obtained from readings in air. From this 
proportion the following values of 1 + , in air are obtained: 

TABLE IX. 


Thermometer. 


6,673 
6,677 

These experiments showthat the thermometers used on the 
first ascension, when heated 5° above the temperature of the 
air, return to within 0.5° of their former readings in a little less 
than two minutes, and those used on the succeed ing ascensions 
in one minute and seventeen seconds. 

(5) The car of the balloon was a wicker-work basket about 
three feet six inches long, by two feet nine inches wide, and two 
feet three inches deep. The car was suspended about six and a 
half feet from the hoop. At the top of the car were suspended 
the aneroid barometer and the watch, while the sling-psychro- 
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meter was hung outside the car when not in use. The order of 
operations was: 

First: Time noted. 

Second: Barometer raised to a horizontal position, tapped 
with the hand, read and recorded. 

Third. Psychrometer whirled outside the car for about two 
minutes on the first ascent, and one minute on the succeeding 


ones, thermometers then read and recorded. 

Fourth: Barometer read and recorded in the same manner 
as above. 

Fifth: Time noted. 

Below is given the average time consumed in taking such a 
series of observations. 

TABLE X, 

2nd, 3d and 


Series of Operations Performed Ist. Ascent./7 1" \ scents. 


Min. Sec. | Min. See. 


Noting time, reading and recording barometer G 40) 0 30 
Whirling and reading thermometers......... 2 00 I 15 
Recording thermometer readings, reading and 0 50) 0 15 
recording barometer and noting time.. 
Total time for the whole series............ 3 30 2 25 


On account of the greater sensitiveness, it was unnecessary 
to whirl the thermometers used on the last ascensions as long 
as those used on the first in order to obtain the same correct- 
ness of temperature. 

DESCRIPTION OF ASCENTS AND GENERAL OBSERVATIONS. 

(6) The ascensions were all made from the ground of Girard 
College, Philadelphia, Pennsylvania, with Professor 8S. A. King, 
as seronaut, in his balloon called the “Eagle Eyrie.” The 
capacity of the balloon is 25,000 cubie feet, and it was filled 
with common illuminating gas from the city gas mains. 

First Ascent, January 19,1885. For two days previons to the 
ascension, the barometer had been rapidly rising, and a strong 
northwest wind blowing. On the nineteenth, the temperature 
was very low over the entire country east of the Mississippi; 
the meau temperature at Philadelphia for the day was 21 
Fahrenheit. The barometer at Philadelphia was one half inch 
above the normal height, and almost as high as at any other 
place in the United States. With the exception of a slight 
haze the sky was clear. It was intended that the ascent be 
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made as early as possible on the morning of the 19th, and for 
that purpose the balloon was spread out on the ground the 
evening before, and all preparations were made that evening 
for the infiation early next morning; but, on account of the cold 
rendering the material of the balloon envelope brittle, the fill- 
ing could not be commenced until noon, when the sun’s heat had 
rendered the envelope sufficiently pliable. The filling having 
been completed, the ascent occurred at 4:12 Pp. M. 

At the ground, and up to an altitude of about 3,000 feet, the 
wind blew from the northwest, but above that elevation, the 
wind was from the southwest, as indicated by the path of the 
balloon. While passing through the northwest current, the 
temperature fell at the rate of one degree for every change in 
elevation of 229 feet. The balloon rose only about 1,800 feet 
higher while in the southwest corrent. At this height, the 
temperature had risen four degrees, and again on descending to 
the northwest current, there was a corresponding decrease of 
temperature. Shortly after five o’clock the balloon approached 
an extensive forest, and Professor King deemed it advisable to 
check the ascent of the balloon and save the ballast in case it 
might be needed to carry us over the forest to a suitable place 
for landing; otherwise a much higher altitude could have been 
attained. 

At 5:40 p. M. it became too dark to take further readings of the 
instruments. The orders of the Chief Signal Officer having 
contemplated only an early start and daylight voyage, no light 
for night observations had been provided. A safe landing was 
effected at Manahawken, N. J., at 7:05 p. m., after having trav- 
ersed a distance ef about sixty miles in two hours and fifty 
minutes. 

The highest altitude attained during the voyage was 4,800 
feet at 5:00 p. ms The lowest temperature observed, 8:7 F. was 
at a height of about 2,700 feet. What appeared most remark- 
able was the extreme dryness of the atmosphere at the highest 
altitudes. On the ground, at the beginning of the voyage, the 
dew-point was 21:5 degrees below the temperature of the air, 
and the relative humidity 37.7 per cent.; while at the highest 
altitude, the dew-point was 40 degrees lower than the tempera- 
ture of the air, and the relative humidity 13.6 per cent. 

Attention is also called to the fact that the depth of the cold 
northwest current accompanying a severe cold wave was but 
3,000 feet. 
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Second Ascent, March 13, 1885.—On the day preceding this 
ascension the weather was generally cloudy and the wind in the 
vicinity of Philadelphia was variable. An area of low barom- 
eter was developing in the Mississippi valley preceded by rainy 
weather, while an area of high barometer extended over 
Canada. On the morning of the ascent, the area of high bar- 
ometer had forced itself southward, accompanied by a cold 
wave, while the barometer was lowest on the Carolina coast. 
The temperature had fallen about twenty degrees during the 
night. The weather was cloudy, the clouds being low and some- 
times so thin that the sun’s dise could be seen dimly through 
them. The wind was blowing steadily from the northeast at a 
rate of about fifteen miles an hour. 

The ascent began at 1:38 p. M., the balloon rising rapidly and 
entering the clouds in four and a half minutes, at an elevation 
of a little less than 2,000 feet. At this time we were moving in 
a south-westerly direction. The upper surface of the cloud was 
reached in ten minutes more, at an elevation of 2,800 feet. 
Scattered in the sky above were cumalo-stratus clouds, which 
moved away rapidly toward the southeast. At 1:59 P. M. we 
were in clear warm sunshine. At 2:10 P. M. we saw the earth 
dimly through the clouls and ascertained we were moving to- 
ward the northwest. The clouds beneath us were moving in the 
same direction, but much more rapidly. The balloon rose more 
rapidly as it became heated by the sun, and at 2:20 p. mM. we had 
reached a height of 4,350 feet, the highest altitude attained 
during the voyage. In a few minutes the sky became more 
hazy and the balloon began to descend. The descent was rapid, 
although ballast was constantly let out. At 2:36 P. M. we en- 
tered the clouds from above, at an elevation of 3,209 feet and 
reached the lower edge at an elevation of over 2,400 feet in two 
minutes. Ina few minutes the drag rope touched the ground, 
when we found we were on the west bauk of the Schuylkill 
river about sixteen miles northwest of Philadelphia. For a 
few minutes the balloon moved along near the groand, the drag 
rope touching. Professor King continued to let out sand and 
at 2:54 p. M. the balloon again began to ascend. At a height of 
2.400 feet we again entered the clouds, which seemed to be com- 
posed of minute particles of ice, but so small that their exact 
form could not be distinguished with the naked eye. We were 
in the clouds nearly twenty minutes, and when above them we 
found the sky overcast by dense stratus clouds. As the descent 
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began, the clouds seemed to break away from about us, or we 
seemed to continue just in the edge of the cloud while we des- 
cended about 500 feet. We passed.out of the cloud ‘at 3:55 Pp. M. 
at an altitude of 2,500 feet. We were then over a hilly country 
about two miles west of the Schuylkill river, and near the line 
between Chester and Berks counties, Pennsylvania. After 
passing over two or three hills we landed in Union township, 
Berks County, Pa., at 4:12 p. M. 

The temperature on the ground at starting was 243° F., and 
on landing it was 22.5° F. The lowest temperature observed in 
each ascent and descent was at or near the lowest edge of the 
clond. The average temperature at that elevation was abont 
15° Ff. The temperature gradually rose xs we ascended through 
the cloud, it being about five degrees warmer at the top than at 
the lower edge. For the 1,500 feet of the ascent above the 
cloud, the changes of temperature were rapil and irregular, but 
indicating an average rise of temperature of one degree for an 
increase in altitude of 300 feet, up to the highest altitude 
attained. Attention is called to the fact, that, while in the 
cloud, the wet-bulb thermometer coutinually read higher than 
the dry-bulb, by about three-tenths of a degree. This could not 
have been due to the coating of ice making thermometer less 
sensitive, because the difference did not diminish with longer 


exposure, and continued when the temperature was rising as 


well as when it was falling. 

Third Ascent, March 27, 1885.—On the day of the ascension 
the barometer was lowest in the St. Lawrence valley rhe 
winds were generally south-westerly and very light, not exceed- 
ing six miles per hour at Philadelphia or New York during the 
day. The weather was cloudless at Philadelphia in the morn- 
ing, but the sky became overcast with high stratus clouds during 
the forenoon. <A light haze prevailed and a light rain fell 
between three and four o’clock in the afternoon, followed by 
heavier rain later in the evening. The ascent began at 12:27 
p. M., the balloon rising steadily until 2:00 Pp. m., when it had 
reached a height of 6,200 feet, the highest altitude of the voyage. 
At the height of 2,000 feet the balloon entered a stratum of haze 
which continued to envelope it, even until the end of the voyage. 
The temperature fell steadily as we ascended. On the ground 
at starting it was 51.1° F.; ata height of 3,000 feet it was 46°, 
and at the highest altitude 34.6°. During the voyage the balloon 
moved in almost a direct line towards the north-east. At 1:11 








Observations Taken in Four Balloon Voyages. 511 


Pp. M. it passed over Trenton, N. J.; at 1:31 p. m., Princeton 
was passed; at 1:46 p. M. it was opposite New Brunswick and 
about two miles east of that city. At 2:10 Pp. M. we were about 
one mile west of Stiten Islanl Sound and two miles from the 
head of Raritan Bay, at which time it was deemed advisable to 
descend beeause of the danger of being blown out tosea. A 
safe landing was male near T'remly, N. J. at 2:19 p. m., having 
traversed a distance of about seventy miles in one hour and fifty- 
two minutes; while on the ground the wind was not more than 
five miles an hour. 

Fourth Ascent, April 16, 1885.—On the day preceding the 
ascension, the barometer was lowest in Kansas and Missouri. 
Cloudy weather prevailed during the evening and night and a 
light rain fell; but the weather was clear in the morning. On 
the day of the ascension the sky was cloudless; the wind from 
the north-west, and blowing at a velocity of fifteen miles per 
hour. 

The ascent was begun at 12:51 p. M., the balloon rising rapidy 


and reaching an elevation of 3,000 feet in seven minutes. After 
that it rose slowly, until at one o’clock the highest altitude, 4,300 
feet, was attained. From this elevation we descended slowly 


until, from 1:30 to 1:40 Pp. M. we were less than 1,000 feet high. 
Afterward, the balloon again rose to an altitude of 3,000 feet. 
At 2:00 P. M., if was approaching an extensive forest in Central 
New Jersey, and being nearly out of ballast, we decided to 
descend. When we had descended (by letting out gas) to 
within 500 or 600 feet of the ground, the balloon suddenly rose 
fully 500 feet without any pereeptible cause, and again on 
opening the valve, it fell rapidly to the ground, striking with a 
severe jar. Although there had been but a very slight wind at 
the height at which we had been traveling; as we approached 
the earth its velocity increased, and, after striking the ground 
the first time, the balloon rebounded and was driven by the 
wind for at least half a mile, striking the ground repeatedly and 
rebounding to a height of more than one hundred feet. At last 
the anchor caught, and with the assistance of several persons, a 
landing was made naar Williamstown, N. J., at 2:20 p. M., having 
gone a distance of twenty-three miles in two hours and seven 
minutes. The shocks experienced in landing were sufficient to 
break the thermometers. 

The temperature, at starting, was 50.5°, and 55.3° on landing. 
The lowest temperature, 31.0°, was observed at elevation of 4,150 
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feet, it being 1.7° degrees lower than at the highest elevation 
reached. During the entire voyage gusts of wind were fre- 
quently observed blowing from different directions. Frequently 
the currents seemed to be blowing upwards when the balloon 
was nearly stationary. The accompanying map shows the direc- 
tion taken. 
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(7) Meteorological Observations.—The meteorological obser- 
vations taken during the ascents are contained in tables XI, 
XLII, XILI and XLV, the observations for each ascent being 
given in a separate table. 

Column 1 contains the time observed at the beginning of 
each of the series of observations recorded on the respective 
lines. 

Column 2 contains the barometer reading observed before 
whirling and reading the thermometers. 

Columns 3 and 4, respectively, contain the readings of the dry 
and wet-balb thermometers, after whirling and corrected for 
scale error according to the 8S. S. correction cards. 

Columu 5 contains the barometer readings observed imme- 
diately after the readings of the thermometers. 
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Column 6 contains the time observed at the end of each series 
of observations. The barometer readings here given have been 
corrected by .05 in. The readings of the barometer were made 
to .01 in., but, on account of the imperfections of the instrument 
(see section 2, pages 5 and 6) the readings cannot be relied 
upon to give the correct pressure of the air nearer than 0.1 in. 

Column 7 contains the means of the times in column 1 and 6, 
and column 8 the means of the barometer readings in columns 
2and 5. The times in column 7 are considered as very close 
approximations to the times for which the mean pressures in 
column 8 and the temperatures in 5 and 4 hold good. The aver- 
age change in temperature between each observation was 1.8°, 
and the average time between observations was about five min- 
utes. The average rate of ventilation was approximately the 
same as that at which the experiments for sensitiveness were 
made (see section 4). Consequently the temperature, as indi- 
cated by the thermometer, at the time of any observation, was 
that of the air to which it was exposed at an earlier time, differ- 
ing by not more than eight seconds on the first ascension, and 


five seconds on the succeeding ones, from the mean time 
adopted. This slight difference in time would make no appre- 


ciable error in the readings. The greatest error, in any of the 
observations, because of this approximation, is, with but one or 
two exceptions, not greater than 0.3°, and the average error is 
much less than 0.1°.. The correction, therefore, has been omit- 
ted, and the temperatures in 5 and 4 are assumed to be the tem- 
peratures corresponding to the times in 7 as above stated. Col- 
umn 9 contains the altitudes corresponding to the mean barome- 
ter readings. They were computed by the formala and tables 
found in Professor William Ferrel’s paper on Barometric Hyp- 
sometry, published by the U. S. Coast Survey. 

Column 10 contains the vapor tensions as computed by the 
formula, 

Jt — .00065 ¢t t’) 5 h, 
in which, 

av the elastic force of aqueous vapor in inches, which exists 
in the air at the time of the observation. 

f Regnault’s value, in inches, of the tension of aqueous 
vapor, in saturated air at a temperature, corresponding to the 
reading of the wet-bulb thermometer. 

(¢ —t?t’) difference, in degrees, Fahrenheit, between wet 
and dry bulb thermometers. 

h = height of barometer, in inches. 

35 
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The constant, .00065 is Sworykin’s value, and is recommended 
by Professor Ferrel, for ice and for water, for the degree of 
ventilation used in the observations. 

Column 11 contains the corresponding dew-points, as obtained 
from Regnault’s tables of vapor tension. 

Column 12 contains the percentage of relative humidity. The 
numbers in the column of notes marked thus (.) refer to places 
marked on the accompanying maps, indicating the position of 
points directly beneath the balloon. The observations, referred 
to above, are, in part presented graphically on diagrams I, II, 
ILI, and LV, which show the vertical path of the balloon on the 
different ascents, the ordinates being the altitudes and the 
abscissas the times. On each curve are marked the places at 
which the observations were made, also readings of the dry and 
wet-bulb thermometers. The dotted curve in diagram No. 1 
shows the probable path during the night time. 

(See Tables XI, XII, XIIT, XIV, and Diagrams 1, 2, 3, 4.) 

(8) LHorizontal Direction and Velocity of Balloon.—Table XV, 
contains the velocities of the currents of air at different eleva- 
tions. These were obtained in the following manner: When- 
ever it was possible to locate, with considerable accuracy, the 
position of the balloon over the earth, a dot was entered on the 
accompanying map, and a record made of the time at which the 
point was located. The velocity of the current of air in which 
the balloon was floating at the time, was directly determined by 
measuring the distance between these dots and the length of 
time consumed in traveling over the distance between them. 
These points were locate! by o! serving the bearing of certain 
well defined objects on the earth’s surface, in the immediate 
vicinity of the observer, and which could be easily recognized 
on the map. The scale of the map used on the first, third and 
fourth ascensions was five miles to the inch. These voyages 
were made over densely populated districts, containing many 
objects, easily recognized, and the points on the map were 
located with a much greater degree of accuracy than could have 
been done had the country been less settled. The probable 
error in locating these points on the map, was certainly not 
greater than 0.5 of a mile. From this the probable error in 
velocity of the air currents, is obtained by the following 
formula: 

60 
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Observations Taken in Four Balloon Voyages. 
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ASCENSION OF JANUARY 19, 1885. 


Curve showing path of balloon, giving time and altitnde at which each observa- 
tion was taken. Abscissa indicates time of observation. Ordinate indicates altitude 
of observation. First number gives observed temperature. Second number gives 
observed wet-bulb thermometer reading. The black line of the curve shows that 
portion of the route passed over before dark and located by actual observation. 
The dotted portion is the estimated path of balloon after dark. 
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) ASCENSION OF MARCH 13, 1885. 


Curve showing path of balloon, giving time and altitude at which each observa- 
tion was taken. Abscissa indicates time of observation. Ordinate indicates altitude 
of observation. First number gives observed temperature. Second number gives 
observed wet-bulb thermometer reading. 
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ASCENSION OF MARCH 2%, 1885. 


Curve showing path of balloon, giving time and altitude at which each observa- 
tion was taken. Abscissa indicates time of observation. Ordinate indicates altitude 
of observation. First number gives observed temperature. Second number gives 
observed wet- bulb thermometer reading. 
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Hoth. - : 22F Landed 
ASCENSION OF APRIL 16. 1885. 
Curve showing path of balloon. showing time and altitude at which each obser- 
vation was taken. Abscissa indicates time of observation. Ordinate indicates 
altitude of observation. Second number gives observed wet-bulb thermometer 
readings. 


In this formula, 


a = the time in minutes consumed in passing from one 
point to the next following. 
a2 = the probable error in the velocity of air currents 


expressed in miles per hour, as given in the table. 

The scale of the map used on the second voyage was twenty 
miles to the inch and consequently there was less accuracy in 
locating the points than on the other asceusions. The probable 
error in locating these points was = ssumed to be two miles, and 
the probable error in velocity was obtained in the same manner 
as before from the equation 

r= + x 202. 
a 

(See Table XV.) 

(9) Temperature and Altitude.—The rate of diminution of 
temperature for elevation was determined for each ascent in 
the following manner. The temperatures used are those given 
in table X VI, or the temperatures given in tables XI, XII, XIII, 
eorrected for diurnal change of the air temperatures, during the 
ebservations, assuming the diurnal change to correspond with 
that observed at the earth’s surface. 

(See Table XVI.) 

These observations are shown graphically for each ascension 
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TABLE XV.—Showing direction and velocity of the currents of the 
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19 


Jan. 1 


First ascent, 
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27, 188 


March 





188 


Fourth ascent, 
April 16, 
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March 13, 18S 


Observations Taken in Four Balloon Voyages. 





air at different heights during each ascension. 











| 





Time. Altitude. Wind. 
P. M., 75th Mer. Feet. Dist.| Dir. Vel 
- _ - Prob. 
Miles Error 
| per in 
From. To. |From. To. Miles.| hour. Vel. 
GEE eee ? | sioetee 
Starti’g. $:12 100 1 NW 15 t-() 
4:12 4:22 100, 3000 > NW! 13 4 
4;22 1:36; . 3000) 4770 } SW 17 3 
4:36) £:58; 4770) 4670| 4 SW 10 2 
$:58} 5:05) 4670) 4680 5 | SW 26 5 
05] 5:14 4680) 4450) 4.5] NW 30 5 
5:14] 7:05} 4450} 50) 40.2} NW 29 0 
On landing wind was 10 to 15 miles. 
Average velocity for voyage.... 19 0 
Starti'y. 1:38 100 NE 15} +0 
oe 9.41 =| § 1004850 ¢ - ( NE ) A _ 
138) 2415) 7 gesoagso yl | ) sEiy 26 +8 

o . ».on| § 1830, 570) P ( E ) 

2415) 3:20) 9) 570 2350 f 1) seis i +4 
2.9 o.<- § 2850 3500 7 = : 2 
3:20 3:97 ) 3500/1780 10 SE 16 4.5 
ae .or. § 1780/1360 ) ~sif E a a 
304] $:25 ) 1360 940 4 5. ) NES 12 6 

On landing wind was 8 to 12 miles. 
Average velocity for voyage 14 
Starti’g. L237 100 SW; Lt. 
2? 12:50 100; 3000) 10 SW 26 ? 
2:; 1:08) 3000) 4300 12.55 SW $2 2 
: 1:31 4300) 4700 15 SW 39 2 
1:3 1:45 $700) 5760 8 SW 40 3.5 
1:43 1355.8) A760, 6OO0 8 SW 38 3 
1:56 2:19 6000 VO 12.5 bye 32 2 
}On landing wind was light. 
Average velocity during voyage... 36 C~CM 
Starti’g. 12.21 100 Mi 
2.9 O40 .off N = . 

12:21 12:49 100 = =4100 6,2 NW 13 9? 
12:49 1:05.6 4100 43800 3.7 NW 13 2 

1:05.6 1:30 4300 1300 3.5 } me 10 1.5 

2 9. 1300 5100 } if N ; 
1:30 2:10 $3100 900 § "(NW ? 
». )-9Q ‘ ° \ N > 
2:10 9:98 900 100 3.8 5 NW 10 9 
On landing wind was about 15 miles per 
hour. 
10.5 0.0 


Average velocity during voyage 
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sur Balloon Voyages. 


separately in diagram V, where the ordinates show the eleva- 
tions, and the abscissas the chang 
peratures at the surface being the zero of the scale, and the 
slant to the left indicating a decrease in temperature. 
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been taken of all observations recorded within fifty feet. The 
broken lines show the general rate of diminution for distinct 
portions of the separate ascents. In these portions the observa- 
ions which most nearly approximate to a straight line were 
grouped together and the average rate of decrease was deter- 
mined for each group, assuming the equation: 


H —h , 
BS (T fy+r 
100 
in which 
w == change in temperature for each hundred feet of elevation. 


H= altitude in feet at which observation was taken. 

h = elevation of the base of the group in which the observa- 
tion is included. 

T = corrected temperature (table XVI) at altitude H. 

/ corrected temperature (table XVI) at altitude h. 

r = residual. 

An equation was formed for each observation, except in cases 
where several observations occurred within fifty feet, when an 
average value was used, and weight was given to the equation in 
proportion to the number of observations of which it was the 
mean. By combining the several equations of each group, by 
the process of least squares, a mean value of . for the group 
was obtained. 

In table XVII are given the rates of change in temperature 
for 100 feet as determined for each group of the different 
ascents : 

So few ascents were made and the altitudes attained were so 
slight that the influences of local causes, such as the season of 
the year, character of the weather, time of day, etc., were great 
in comparison to those due to mere elevation. For this reason, 
the rates of decrease of temperature for elevation, as deter- 
mined from these observations, are to be considered as con- 
tributions to the study of the special weather of the respective 
dates, and not as bearing particularly upon the questions 
involved in the general circulation of the air, and the normal 
annual average vertical] gradient for the whole atmosphere. 


(See Table X VIL. ) 
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TABLE XVII. 
Rate of 
chunge for State of Sky. 
100 feet. 


Ileight above sea 
level. 


Ascen 


sion. | 2TOUP- 


From To. 
100 3300 
3300 1600 


oo 
¢ Light haze. 


Covered with low 

100 2400 , stratus. 
2400 3450 ) Enveloped in cloud. 
$450 1350 Cl’dless, partly el’dy 
and el’dy at times. 


100 650 

650 2600 5 Covered with high 
2600 £700 —(), stratus. 

Win) 6200 


100 1600 
1600 3100 
3100 3900 
S900 {300 


Cloudless. 
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This thermometer 
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This Handbook contains forty-seven tables, all that are needed by the working | 
meteorologist. It includes tables for Fahrenheit and Centigrade conversions, for 
barometric hypsometry and reduction to sea level, for the psychrometer, for wind | 
reductions, for conversion of English and French measures, and a collection of mis- | 
cellaneous tables of especial value in meteorological work. Tables containing | 
monthly normals of pressure, temperature and wind direction for the United States, 
embodying nearly fifteen years’ observations, are added, together with charts of these 
normals for January and July. 

The form adopted for the different tables is based on their practical application | 
in meteorological work, and will be found well suited for rapid and accurate calcula- 
| tion. 

Professor Waldo, in The American Meteorological Journal, for October, 1888, says: 
“I heartily recommend them to all of our workers in meteorology, and do not see | 
how any of our American meteorologists can afford to be without a copy.” 

Handbook of Meteorological Tables. 127 pp. 8°. Price $1.00. Will be sent postage 
| paid, on receipt of price by the author, Box 427, Washington, D. C., or by the pub- | 


| lishers, Kittredge & Moran, Ann Arbor, Mich. 








(TRADE MARK 


COMPTOMETER 


All Arithmetical problems are solved rap- 
idly and accurately by the Comptometer. | 
It is operated by keys like the typewriter 
and gives entire relief from mental strain. | 
It is the only machine on which addition | 
can be performed faster than with the pen- | 
cil, and is adapted to all commercial and | 
scientific computations. 


_ “ We feel that we could not do without it, without caus- | 
ing us great inconvenience.”—Gro. L. CHask, President Hart- | 
ford Fire Insurance Co. 


“It not only does the calculations many times quicker, | 
| but it also saves time iu noi havi. g to write down tte numbers for calculation.”—Dr. DANIEL DRarer, 
| Ph. D., Director Meteorological Observatory, Central Park, New York. 

“I find it invaluable in adding up long columns of figures, and can safely say that I can do twice as 
much work with the machine.”"—F W. SouLs, Registry Clerk, North Chicago Sture-t Railway Co. 

“ Have found it a great help for accurate and rapid work in multiplication.”—W. H. Hirt, Chicago 
Copper Refining Co. 

“It is a great relief from the irksomeness of meteorological computations, and adds decidedly to their 
aceuracy.”—M. W. HARRINGTON. 

“This bank purchased a Comptometer of the Felt & Tarrant Mfg. Co., and have used it for the past 
year in the work of adding lovg columns of figures. It has proved a valuable help. and we would not lik« 

| to be without it.”—W. a. SHaw, Cashier Merchants’ and Manufacturers’ National Bank, Pittsburgh, Pa. 


Send for circular. FELT & TARRANT MFG. CO,, 52 Illinois St., Chicago. 




















